Abstract The relationship of Modic change to pain and inflammation remains to be unclear. Recently, some authors have reported that Modic type 1 signals are closely related to infection. However, if the patients do not have severe back pain, fever, or an abnormal blood profile, it is difficult to distinguish between common Modic change and infection. The purpose of this study was to examine the prevalence of pyogenic spondylitis in patients who showed Modic type 1 change without other signs of infection. Seventy-one patients with Modic type 1 change were evaluated (average age 55, 32 males and 39 females). X-ray and magnetic resonance imaging (MRI) were performed to investigate low-back pain and leg pain. Body temperature was measured and blood analysis (including white blood cell count and level of C-reactive protein) was conducted for all patents. All 71 patients with Modic type 1 change, but without other signs of infection were followed for 2 years. Low-back pain, X-ray, and blood analyses were performed every 3 months; and MRI was performed every year. Severe low-back pain or abnormal signs developed in four patients during the follow-up. Pyogenic spondylitis was diagnosed in three patients by symptoms, blood results, and imaging, and confirmed by biopsy. Two of the three patients were diabetic. A total of 4.2% of patients with Modic type 1 change, but without other signs of infection were diagnosed as having pyogenic spondylitis during the 2-year follow-up, therefore, it is important to consider this before treating Modic type 1 change.
Introduction
Abnormalities of the vertebral endplate have been described by Modic et al. [8, 9] . We previously conducted magnetic resonance imaging (MRI) studies of patients with endplate and vertebral bone marrow changes associated with degenerative lumbar disc disease [14] . Abnormalities associated with decreased signal intensity on T1-weighted spin-echo images (Modic type 1) correlated with segmental hypermobility and low-back pain [14] . We have also reported that Modic type 1 changes in discogenic pain patients are related to inflammation and axonal growth in the abnormal bone marrow induced by cytokines, such as tumour necrosis factor-a (TNF) [10] .
Spinal infection may manifest as Modic type 1 signal on MRI. It is difficult to distinguish between common Modic change and infection by low-virulent bacteria [2] . We have retrospectively reviewed the records of 111 patients who had pyogenic vertebral osteomyelitis [6] . Infection found in 41 patients (37%) was caused by microorganisms, such as Staphylococcus epidermidis, Propionibacterium acnes, and diphtheroid species, which are usually considered to be of low virulence [5] . Surprisingly, it has been reported that in nuclear tissue removed under sterile conditions during surgery for lumbar herniated discs, 53% of patients were found to be infected with low-virulent anaerobic organisms [12] . Recently, some authors have reported that Modic type 1 signals are closely related to infection by microorganisms. However, if the patients do not have severe back pain, fever, or an abnormal blood profile, it is difficult to distinguish between common Modic change and infection.
Therefore, the purpose of the current study was to examine the frequency of pyogenic spondylitis in patients who showed Modic type 1 change without other signs of infection during a 2-year follow-up.
Materials and methods
The protocol for human procedures used in this study was approved by our institution's ethics committee. Our study involved 512 patients (250 males and 262 females) with an average age of 55.7 ± 8 years (mean ± SEM, range 18-82 years).
Patients

Inclusion criteria
Low-back pain or leg pain (radicular pain), continuing for at least 2 weeks, was found in 512 patients. Patients who had previously undergone spinal surgery were excluded. We also excluded spinal tumour, apparent infection, and trauma.
Patients underwent X-ray examination and MRI. They were diagnosed with normal findings, disc degeneration, disc herniation, and spinal stenosis. In 512 patients, endplate and bone marrow abnormalities were examined from the L2/3 to L5/S1 level.
Endplate and bone marrow abnormalities were subclassified into those with Modic type 1 signals (n = 73, low intensity on T1-weighted spin-echo images and highintensity T2-weighted spin-echo images), those with Modic type 2 signals without type 1 change signals (n = 87, high intensity on both T1-and T2-weighted spin-echo images), those with Modic type 3 signals without type 1 change signals (n = 36, low intensity on both T1-and T2-weighted spin-echo images), and those with Modic type 0 (n = 390, normal intensity on both T1-and T2-weighted spin-echo images). Some patients show some type of Modic change at several levels. If a patient has at least one level Modic type 1 change, we defined the patient as being Modic type 1.
In the patients showing Modic type 1 signals, body temperature was measured and blood analysis [including white blood cell count (WBC) and level of C-reactive protein (CRP)] was performed in all patients. Two patients with fever ([37°C) and abnormal blood test results were excluded (WBC [8,500 cells/mm 3 or CRP [0.3 mg/dl). Therefore, 71 patients with Modic type 1 change without other signs of infection were followed up for 2 years. Evaluation of low-back pain, blood analysis (including WBC count and CRP level), and X-ray examination were performed every 3 months. MRI was performed every year. All patients had low back pain were treated with oral of nonsteroidal anti-inflammatory drugs (NSAIDs). All patients were not treated with antibiotics.
Evaluation
The change in disc height and endplate abnormality on X-ray imaging, bone marrow abnormality on MRI, blood examination, and symptoms were evaluated to determine whether infection was present or not from start-up to final follow-up. Evaluation was blinded and performed by three observers. If at least two of the observers were in agreement, evaluation of infection was conducted. Finally, if the patient was strongly suspected to have infection, the final diagnosis was confirmed by biopsy, 18 F-fluorodeoxyglucose positron emission tomography (FDG-PET) [13] , Tc-bone scan, or open biopsy during lumbar surgery.
Results
No severe low back pain or leg pain developed in 55 patients during the 2-year follow-up. Moderate low back pain or leg pain developed in 11 patients; however, this could be decreased using NSAIDs. Severe low back pain or leg pain developed in five patients during the 2-year follow-up; the symptoms were not decreased by using NSAIDs.
Abnormal blood data were shown in 15 patients (WBC [8,500 cells/mm 3 or CRP [0.3 mg/dl); however, this abnormality was transient in 12 patients. Abnormal blood data were persistent in three patients. Six patients showed endplate bone marrow abnormalities on X-ray imaging during the 2-year follow-up. Four patients showed endplate bone marrow abnormalities on final MRI during the 2-year follow-up.
Finally, pyogenic spondylitis was strongly suspected from symptoms, blood results, X-ray imaging, and MRI in four patients during this period. Pyogenic spondylitis was strongly suspected in two patients at final follow-up (2 years), in one patient at (18 months), and in one patient (20 months). Two of the four patients were diabetic. The diagnosis was confirmed by biopsy, FDG-PET, or open surgery biopsy in all four patients. One patient was negative; the other three patients were ultimately diagnosed with infection. The patients finally diagnosed as having pyogenic spondylitis did not have any illnesses that could be related to subsequent pyogenic spondylitis.
The frequency of pyogenic spondylitis in patients who showed Modic type 1 change without other signs of infection during the 2-year follow-up was calculated. We found that 4.2% (3/71 patients) were ultimately diagnosed with infection.
Case 1: finally diagnosed with infection
A 72-year-old diabetic woman presented with low back pain and bilateral-leg pain. MRI indicated Modic type 1 change. X-ray imaging did not show endplate abnormality and blood examination was normal. Her symptoms and regular X-ray and blood examinations were normal; however, at final follow-up (2 years), low back pain increased, and abnormal blood data (CRP 4.50 mg/dl) and signs of infection on MRI were observed. A biopsy was conducted and infection by Staphylococcus epidermidis was diagnosed (Figs. 1, 2 ).
Case 2: finally diagnosed with non-infection
A 62-year-old woman presented with low back pain and bilateral-leg pain. MRI indicated Modic type 1 change. X-ray imaging showed endplate and bone marrow abnormality; however, blood examination was normal. We conducted FDG-PET and no abnormal findings were disclosed. We performed a posterior lumbar interbody fusion with a pedicle screw for her severe low back pain. The endplate and vertebral body were harvested during surgery, and were subsequently cultured; however, no infection was found (Fig. 3) .
Discussion
A total of 4% of patients with Modic type 1 change without other signs of infection were diagnosed as having pyogenic spondylitis during the 2-year follow-up period, and it is important to consider this before treating Modic type 1 change.
It has been reported that Modic type 1 change shows disruption and fissuring of the endplate with regions of degeneration, regeneration, and vascular granulation of tissue [9, 14] . Increased amounts of reactive woven bone, prominent osteoclasts, and osteoblasts have been found, thus Modic type 1 change is considered to be an inflammatory condition [9] .
Some authors have reported a relationship between low back pain and inflammation in intervertebral discs and vertebral endplates. The association between Modic changes on MRI and discogenic back pain on lumbar discography has been examined and the investigators concluded that Modic changes appear to be a relatively specific, but insensitive sign of a painful lumbar disc in patients with discogenic low back pain [3] . The levels of interleukin (IL)-6 and 8 production in disc tissue from patients undergoing discectomy for sciatica were compared with those from patients undergoing fusion for discogenic low back pain. IL-6 and 8 productions in the low back pain group was significantly higher when compared with that in the sciatica group [4] . The number of TNF-immunoreactive cells in endplates exhibiting Modic type 1 changes was significantly higher than in endplates exhibiting normal and Modic type 2 changes. These findings suggest that endplate abnormalities (Modic type 1 change) are related to inflammation induced by TNF and may be a cause of low back pain [10] .
Therapeutic targets for low back pain and inflammation in endplates have been proposed. Low-grade inflammation indicated by high-serum CRP levels in patients with Fig. 1 Consort diagram of the current study chronic low back pain could indicate Modic type 1 signal changes and thus antiinflammatory treatment was recommended in such patients [11] . Furthermore, intradiscal chymopapain injection resulted in Modic type 1 change in vertebral body endplates adjacent to the level of injection, and the investigators concluded that this change was due to inflammation [7] . Intradiscal injection of corticosteroids can be an efficient short-term treatment for patients with chronic low back pain and predominantly inflammatory endplate signs, such as Modic type 1 change [6] . On the other hand, it is difficult to distinguish between normal inflammatory change and infection. Albert et al. proposed a bacterial cause of common Modic type 1 change following tears in the outer fibres of the annulus, e.g., in disc herniation, where new capillarisation and inflammation developed around the extruded nuclear material. It is possible for anaerobic bacteria to enter the anaerobic disc interior through this tissue and in this environment to cause a slowly developing low-virulent infection. They proposed that common Modic type 1 change could be the visible sign of the inflammation and oedema surrounding this infection [2] . Following this hypothesis, they assessed the clinical effect of antibiotic treatment in a cohort of patients with low back pain and common Modic type 1 changes. After treatment with amoxicillin-clavulanate, there was both clinically important and statistically significant improvement in all outcome measures [1] . These findings supported the hypothesis that the common Modic type 1 change originated from the infection in these patients.
In the current study, we diagnosed that about 4% of patients with Modic type 1 change, but without other signs of infection had pyogenic spondylitis during the 2-year follow-up period. However, some limitations of the current study exist. First, we did not perform a biopsy in all patients. However, Wedderkopp et al. [15] have reported that 24 consecutive patients with Modic type I changes in lumbar vertebrae had a biopsy taken from the affected vertebra. None of the biopsies yielded growth of anaerobic bacteria. They concluded that no evidence of bacteria in vertebrae with Modic type I changes. We thought that biopsy is not necessary to distinguish between common Modic change and infection. Second, the number of patients was statistically small. Third, we ultimately used FDG-PET as a method to distinguish between infection and Modic type 1 change. FDG-PET may prove useful in differentiation of degenerative and infectious endplate abnormalities detected on MRI [13] . However, the A 72-year-old diabetic woman presenting with low back pain and bilateral-leg pain. X-ray imaging and CT did not show endplate abnormality at the L4/5 level (a, b), and blood examination was normal. MRI indicated Modic type 1 change at the L4/5 level (c T1 weighted, d T2 weighted). During the 2-year follow-up, her symptoms and regular X-ray and blood examination results were normal; however, at final follow-up (2 years), low back pain increased, abnormal blood data (WBC 12,000 cells/mm 3 and CRP 4.50 mg/dl) and signs of infection on MRI were observed at the L4/5 level (e T1 weighted, f T2 weighted, g T2-weighted coronal section). A Tc-bone scan also showed abnormal accumulation (h). A biopsy was performed and infection by Staphylococcus epidermidis was diagnosed reliability of FDG-PET needs further investigation. Fourth, there was a possibility that infection accidentally occurred at inflammatory Modic change.
In conclusion, 4.2% of patients with Modic type 1 change, but without other signs of infection were diagnosed as having pyogenic spondylitis during the 2-year follow-up period of this study, and it would appear important to consider this before treating patients with Modic type 1 changes. Fig. 3 Case 2: finally diagnosed with non-infection. A 62-year-old woman presenting with low back pain and bilateral-leg pain. X-ray imaging shows slight endplate and bone marrow abnormality (a); however, blood examination was normal. MRI indicated Modic type 1 change (b). Follow-up X-ray imaging at 2 years shows an increase of the endplate and bone marrow abnormality (c); however, blood examination was also normal. We conducted FDG-PET and no abnormal findings were revealed (d). The result of a biopsy was also negative. We performed a posterior lumbar interbody fusion with a pedicle screw for her severe low back pain (e). The endplate and vertebral body were harvested during surgery, and were subsequently cultured; however, no infection was found
